Equivalence classes were established using a stimuluspairing/yes-no procedure. On all trials, two stimuli were presented with the second introduced 250 ms after termination of the first. Pressing one of two keys labeled YES or NO was required during the second stimulus. AB, BC, and CO relations were established by reinforcing the YES response on within-set trials (A 1
class (Fields, Adams, Newman. & Verhave, 1992; Fields & Verhave, 1987; Fields, Verhave, & Fath, 1984; Sidman & Tail by, 1982) . This definition of equivalence, however, does not specify the use of a particular procedure for the training of the baseline relations or for the assessment of responding occasioned by the emergent relations probes.
In most studies of equivalence class formation, the baseline conditional relations that are the prerequisites for equivalence classes have been established using arbitrary matching-to-sample procedures (e.g., Bush, Sidman, & de Rose, 1989; Devany, Hayes, & Nelson, 1986; Fields, Adams, Verhave, & Newman, 1990 , 1993 Fields, Reeve, Adams, & Verhave, 1991; Lazar, Davis-Lang, & Sanchez, 1984; McDonagh, Mcllvane, & Stoddard, 1984; Saunders, Saunders, Kirby, & Spradlin, 1988; Schusterman & Kastak, 1993; Sidman, 1971; Sidman, Kirk, & Wilson-Morris, 1985; Sidman & Tailby, 1982; Watt, Keenan, Barnes, & Cairns, 1991) . In these experiments, a sample was presented and remained on for the duration of a trial. When subjects emitted an observing response in the presence of a sample, it produced the concurrent presentation of all comparisons. Subjects then selected a comparison by touching it or by pressing a key that was displaced from, but corresponded to, the position of a given comparison.
The conditional relations that are the prerequisites of equivalence classes have also been established using variations of the abovementioned matching-to-sample procedure. In one variation, the presentation of the sample was temporally separated from the presentation of the comparison stimuli. The comparisons were then presented on a concurrent basis (Bentall, Dickins, & Fox, 1993; Dickins, Bentall, & Smith, 1993; Stromer & Mackay, 1992 , 1993a Stromer, Mcllvane, Dube, & Mackay, 1993) . In another variation, Dube, Green, and Serna (1993) established equivalence classes consisting of auditory stimuli alone by use of a novel successive matching-to-sample procedure in which only one stimulus was presented at a time. Each trial consisted of the presentation of four dictated nonsense syllables. Each stimulus was produced by pressing the same button. The first press produced a sample, the second press prbduced one comparison and a box located in one position on a computer screen both of which terminated concurrently, the third press produced the same sample, and the fourth press produced a second comparison with a box located at a different position on the computer screen. Thereafter the two boxes that accompanied the comparison stimuli were presented concurrently and a comparison was selected by touching one of the boxes.
In other studies, the baseline relations for equivalence classes have been established using a constructed-response training procedure (Calcagno, Dube, DeFaria Galvao, & Sidman, 1994; Dube, McDonald, Mcllvane, & Mackay, 1991; Mackay & Sidman, 1984) , or sequence training (Lazar, 1977; Lazar & Kotlarchyk, 1986; Sigurdardottir, Green, & Saunders, 1990; Stromer & Mackay, 1993b) which has also been called simultaneous chaining (Terrace, 1983; Terrace, Straub, Bever, & Seidenberg, 1977} . In addition, two-choice discrimination reversal procedures have also been used to establish discriminative repertoires that were prerequisite to the emergence of equivalence classes (Sidman, Wynne, Maguire, & Barnes, 1989; Vaughan, 1988) .
Although it would seem that a broad range of procedures has been used to establish the prerequisite relations for equivalence classes, that breadth may be more apparent than real because the constructedresponse, sequence training, and discrimination reversal procedures can each be viewed as a variation of matching to sample. In the constructedresponse procedure, a sample is presented along with a pool of letters. The letters can be selected in sequence to construct a variety of words. When a sample stimulus is presented, before any letters have been selected, the first letter of the matching word functions as the positive comparison and all other letters function as the negative comparisons. In the presence of the sample and the first letter, the second letter of the matching word serves as the positive comparison in the remaining letter pool and the remaining letters in the pool function as negative comparisons. This analysis can also be applied to all remaining letter selections while constructing the word that matches the sample stimulus.
Using a similar analysis, it can also be argued that sequence training is a variant of matching to sample. Specifically, after the selection of the first stimulus in the sequence, the remaining stimuli function as comparisons; the next stimulus in the sequence acts as the positive comparison and the remaining stimUli act as negative comparisons. Finally, Sidman (1994) has argued that the discrimination reversal procedure used by Vaughan could well be a delayed matching procedure in which the stimuli on one trial functioned as samples that signaled the functions served by the stimuli on the next trial (the "comparisons").
From the analysis presented above, it appears that all of the procedures used to establish the baseline relations for equivalence classes are variations of the matching-to-sample format. There is, however, one recent exception. Leader, Barnes, and Smeets (1996) established the baseline relations using a respondent-type sensory preconditioning procedure to pair stimuli that were potential members of the same class. For example, A 1 was presented and terminated after which B1 was presented; no response was required in the presence of either stimulus. Then, the B2-C2 pair might be presented. After multiple presentations of the (N-1) stimulus pairs needed to link the stimuli in a set, the emergence of equivalence classes was assessed with symmetry and equivalence probes presented in a standard matching-to-sample format. These tests were used to determine when subjects would select comparisons that came from the same set as the samples. Most subjects demonstrated the emergence of equivalence classes after repeated exposures to the training and testing trials.
When one considers the procedures that have been used to measure the emergence of equivalence classes, the situation is even more restrictive than that found with training procedures. In all experiments that have been conducted to demonstrate stimulus equivalence, the tests of reflexivity, symmetry, transitivity, and equivalence have been presented in the traditional matching-to-sample format. If the emergence of equivalence classes can be measured by only one method, that method would have to become a defining component of equivalence classes. Such a constraint would severely limit the theoretical utility of using equivalence class formation to model the emergence of a broad range of complex human behaviors in a wide variety of training and testing conditions (Sidman, 1994) . Thus, using a procedure that differs from the traditional matching-to-sample format to establish the conditional discriminations that are the prerequisites of an equivalence class and to measure the emergence of equivalence classes is of practical and theoretical importance. A stimulus-pairing/yesno procedure is one such option Stimulus-pairing/yes-no procedures are also referred to as a "go-left go-right," "yes-no" (D 'Amato & Worsham, 1974) , or "same/different" procedures (Edwards, Jagielo, & Zentall, 1982) . Each trial in a stimuluspairing/yes-no procedure involves the presentation of only two stimuli, the first of which is terminated before the presentation of the second. On some trials, the stimuli are from the same set; in others, the stimuli are from different sets. The YES response occasions reinforcement when a trial contains two stimuli from the same set (within-set trials), and the NO response occasions reinforcement when a trial contains two stimuli from different sets (between-set trials).
Stimulus-stimulus relations established with stimulus-pairing/yes-no procedures have been used to study a broad range of psychological phenomena that include stimulus priming (Salota & Lorch, 1986; McNamara & Altarriba, 1988; McNamara & Healy, 1988) , the scaling of time by humans (Wearden, 1995) , the scaling of stimulus similarity by humans and pigeons (Fetterman & Killeen, 1995) , categorization based on numerosity and stimulus mixtures by birds (Honig & Matheson, 1995) , and the formation of stimulus classes of "same" and "different" with primates (Neiworth & Wright, 1994; Wright, Santiago, & Sands, 1984; Wright, Shyan, & Jitsumori, 1990) and pigeons (Cook, Cavato, & Cavato, 1995; Edwards et aI., 1982; Wasserman, Hugart, & Kirkpatrick-Steger, 1995) .
To date, no study has used a stimulus-pairing/yes-no procedure to establish equivalence classes. In the present study, a stimuluspairing/yes-no procedure was used to establish the baseline conditional relations that are the prerequisites to equivalence classes. In addition, performances occasioned by symmetry, transitivity, and equivalence probes presented in a stimulus-pairing/yes-no format demonstrated the emergence of equivalence classes. These results demonstrate that traditional matching-to-sample procedures are not necessary to establish the prerequisites of equivalence classes or to measure the emergence of equivalence classes.
Method

Subjects
Eighteen undergraduate students at Queens College/CUNY were recruited from an introductory psychology class. The students had no prior familiarity with experiments dealing with equivalence class formation. They received partial course credit upon completion of the experiment, regardless of performance. Seventeen subjects completed the experiment in one experimental session, and one subject completed the experiment in two sessions separated by 4 days. All subjects who formed classes took between 81 and 161 min to complete the experiment.
Apparatus and Stimuli
The experimental stimuli were presented to the subjects using an IBM compatible microcomputer with a monochrome monitor. Each subject was seated in a cubicle at a table facing the computer. Responses were made by touching specific keys on the computer keyboard. All responses were automatically recorded by the computer. The experiment was conducted using software specifically developed for , the establishment of equivalence classes. Each of the two classes contained four nonsense syllables which are presented here with their letter-number designations. In Class 1, they were LEQ (A 1), HUK (B1), POV (C1), and BAF (01 ); in Class 2, they were MEV (A2), GUQ (B2), ZOJ (C2), and YAR (22).
Procedure
Initial instructions. When a subject entered the experimental cubicle, the following instructions were on the computer screen:
Thank you for volunteering to be a subject in this experiment . PLEASE DO NOT TOUCH ANY OF THE KEYS ON THE KEYBOARD YET. In this experiment you will be presented with many trials. Each contains two CUES; these will be common words, or three-letter nonsense words such as lEa or WUv. YOUR TASK IS TO DISCOVER WHETHER THE WORDS GO TOGETHER. IF THEY DO, PLEASE PRESS THE KEY LABELLED 'YES.' IF THEY DON'T, PLEASE PRESS THE KEY LABELLED 'NO.' Initially there will also be INSTRUCTIONS that tell you how to respond to the cues, as well as LABELS that will help you to identify the cues on the screen. The labels and the instructions that tell you which KEYS to press will slowly disappear. Your task will be to RESPOND CORRECTLY to the CUES and the INSTRUCTIONS by pressing a key on the computer's keyboard.
The experiment is conducted in phases. When each phase ends, the screen will tell you how you did. If you want to take a break at any time, please call the experimenter. Press = = = > SPACE BAR < = = = to continue.
Trial structure, contingencies, and responses within a trial. Figure 1 provides a schematic representation of a typical trial and the trial contingencies. Each trial began when "Press ENTER" appeared on the screen. Pressing the ENTER key removed this message and displayed the first stimulus which remained on the screen until the subject pressed the space bar. This response cleared the screen for 250 ms and was followed by the presentation of the second stimulus on that trial. It remained on screen until the subject pressed either the number 1 or the number 2 key on the keyboard, which were labeled YES and NO, respectively. The labels were . affixed above the numbers on the surface of the keys and remained there throughout the experiment. When the two stimuli in the trial were from the same set, pressing the YES key was correct. If the two stimuli in the trial were from different sets, pressing the NO key was correct. Either response cleared the stimulus from the screen and produced one of three feedback messages. When informative feedback was scheduled, if the correct response occurred, the message "RIGHT" appeared on the screen and remained there until the subject pressed the "R" key. If the incorrect response occurred, the message "WRONG" appeared on the screen and remained there until the subject pressed the "W" key. On some trials, noninformative feedback was scheduled, in which case, neither RIGHT nor WRONG appeared on the screen Instead, a dashed line, -----, appeared on the screen as soon as the subject selected either comparison and remained there until the subject pressed the "E" key (the noninformative feedback stimulus E stands for "end of trial." The "E" key was used because it is between the Rand W keys on a QWERTY keyboard). After pressing the R, W, or E key, the screen cleared and the next trial began.
Press ENTER
Keyboard familiarization. After the presentation of the instructions, a subject was taught to emit the appropriate keyboard responses in the presence of each cue used in a trial. The 16 stimulus pairs used in the keyboard familiarization trials are listed in Table 1 . Each trial contained a different stimulus pair. The pairs were presented in a random order without replacement for a total of 16 trials. Half of the stimulus pairs were words that were semantically related (e.g., RED COLOR), and the words in the other pairs were not related semantically (e.g., DUNGEONS PENCIL). The relatedness of the words in a trial served as semantic prompts for correct responding on each trial. The presentation of Note. The word pairs in the columns under YES occasioned reinforcement of the YES response, and the word pairs in the columns under NO occasioned reinforcement of the NO response. Each word pair on a row under the YES column or the NO column was presented on the same trial. The words in the column labeled "1 st Stim" were presented first in a trial , and the words in the column labeled "2nd Stim" were presented second in a trial.
semantically related words occasioned reinforcement of the YES response, and the presentation of semantically unrelated words occasioned reinforcement of the NO response. Initially, the trials contained the stimulus pairs, labels for each stimulus, and instructional prompts that specified the responses to be made at each point in a trial. The labels and prompts were deleted serially in six steps, as illustrated in Figure 2 . The frames presented in each row of Figure 2 Figure 2 . The serial removal of prompts and labels during pretraining to teach the responses that were required to successfully complete a trial in the stimulus-pairinglyes-no procedure. Each box indicates a screen display. The boxes on a given row indicate the series of screen displays presented within a trial from onset (on left) to termination (on right). stimulus changes that occurred within a trial. The order in which the labels and prompts were eliminated is indicated by the successive rows. A minimum of 12 trials was required to complete the serial elimination of all labels and prompts if all trials occasioned correct responses. Finally, four trials were presented with no prompts. The trial configurations depicted on Rows 1-6 were presented 3, 3, 3, 2, 1, and 4 times, respectively. Any keyboarding errors resulted in the presentation of the relevant keyboard prompt for the next 3 trials. All subjects completed pretraining within the 16 programmed trials. This procedure is similar to that described by Fields et al. (1990) .
3-member class formation using the simple-to-complex protocol. Once keyboard familiarization was completed, two 3-member classes were established using the stimulus-pairing/yes-no format as described above. The simple-to-complex protocol was used to control the order of introducing baseline relations and emergent relations tests Fields et aI., 1991) . Each stage of training and testing in this protocol was conducted with blocks of trials. All trials in a block were presented in a random order without replacement. Any repetition of a block resulted in the presentation of the trials in a different order from previous presentations of that block. Table 2 displays the stimulus pairs used and the number of trial presentations in each training and testing block. First, AB was trained. The symmetrical property of AB was then assessed with a block of BA probes. Next, BC was trained after which the symmetrical property of BC was assessed with a block of CB probes. After assessing the maintenance of the symmetry performances with a block containing BA and CB relations together, transitivity was assessed with a block of AC probes. Then, equivalence was assessed with CA tests. Finally, the symmetry, transitivity, and equivalence probes used to assess the emergence of the 3-member classes were presented along with baseline trials in a mixed test block (3M IX) to confirm the formation of two 3-member classes. In all of these test blocks, prerequisite baseline relations were also presented as reviews. Reflexivity tests were not included because it was assumed that college students had a generalized identity matching repertoire.
Expansion of class size. After subjects passed the 3MIX test, thus, indicating the formation of two 3-member classes, class size was expanded to four members using the same stimulus-pairing/yes-no format. After training the CD baseline relations, a 4-member mixed test (4MIX) was conducted. This mixed test contained all symmetry, transitivity, and equivalence probes for assessing the emergence of 3-and 4-member classes along with review of the CD baseline trials.
Mastery criterion. The mastery criterion for training and testing was defined as class-consistent responding on more than 97% of the trials within a block. To establish AB, BC, and CD, each training block was repeated until the mastery criterion was reached. All responses during these blocks were followed by informative feedback. Thereafter, Note. BLOCK FXN indicates the training or testing function of each block and the symbols represent the stimulus pairs that were the primary focus of the block. The entires in the REL column indicate the type of conditional relation that was measured in the trials listed on that row. BL indicates the baseline conditional relations that were established by training. WITHIN-SET and BETWEEN-SET stimulus pairs used to assess symmetry, transitivity, and equivalence are indicated on the rows labeled Sym, Trans, and Equiv, respectively. The headers labeled "1 stl2nd" designate the first and second stimuli presented in a trial. For example in the "A 1 B1" pair, the A 1 stimulus is presented first and B1 stimulus is presented second. Rows that do not have labels in the REL column serve the function of the last label on a preceding row. The numbers beneath the "TRIALS/BLOCK" header indicate the four levels of informative feedback scheduled in various phases of training. The values in the columns under each feedback level indicate the number of trials in a block for each level of informative feedback.
as long as performance within a block remained at or above the mastery criterion, the percentage of trials that occasioned the presentation of informative feedback was reduced from 100% to 75% to 25% and finally to 0% over successive blocks. When the 75% and 25% feedback levels were used, the particular trials that occasioned informative feedback were randomly determined. If performance within a training block dropped below the mastery criterion, the percentage of feedback was increased to the previous higher level on the next block of trials. The establishment of each baseline relation was confirmed when the mastery level of performance occurred in one block of trials with no informative feedback. During all test blocks, each response was followed by noninformative feedback. The block for a given test was repeated either until the mastery criterion was reached or for a maximum of six successive presentations. If responding within a test block did not reach the mastery criterion after six presentations, the subject was presented with a training block of prer8quisite baseline relations with 100% feedback. Thus, failure of the BA test led to retraining of the AB baseline relations and then retesting of BA. Failure of the CB test led to retraining of the AB and BC baselines and retesting of CB. Failure of the combined test of BA and CB led to retraining of the AB and BC baselines followed by retesting of CB. Failure of the AC test led to retraining of the AB and BC baseline and then retesting of AC. Once the mastery criterion was met, the procedure moved forward in the sequence described above. Failure to reach criterion on a second sixblock cycle of any test led to termination of the experiment for that subject.
Confirmation of equivalence class formation with matching-tosample tests. Subjects who met criterion on the 4MIX test in the stimulus-pairing/yes-no format were then exposed to a delayed matching to sample test. This contained trials which assessed the maintenance of the baseline relations established earlier in the experiment as well as probes that assessed the symmetrical, transitive, and equivalence relations that emerged in the prior tests. Trial configurations are illustrated in Table 3 .
Instructions. The following instructions for the matching-to-sample test were presented on the computer screen: PLEASE DO NOT TOUCH ANY KEYS ON THE KEYBOARD YET. In this part of the experiment many new trials will be presented. Each trial will now contain THREE nonsense words you've seen before. First, ONE will appear at the TOP of the screen then, TWO will appear at the BOTTOM. Your TASK is to select the BOTTOM word that goes with the TOP word. Initial trials will also include INSTRUCTIONS that tell you which keys to press. These instructions will eventually disappear.
Thank you for your cooperation! Press = = = > SPACE BAR < = = = to continue. Figure  3 . The sample stimulus appeared centered at the top of the screen. When the space bar was pressed, the sample disappeared and the screen remained blank for 250 ms. At that time, two comparison stimuli appeared at the bottom of the screen, on the same horizontal plane, centered from left to right and separated by 10 cm. One comparison came from the same class as the sample on that trial and the other comparison came from the other class. Both comparisons on a given trial were always of the same letter designation (A 1 and A2 , B 1 and B2, C1 and C2, or 01 and 02). The comparisons remained on the screen until the subject pressed the number 1 or 2 key to indicate selection of the comparison on the left or right, respectively.
Trial format and within-trial response requirements. Each trial was presented in the delayed matching-to-sample format illustrated in
No informative feedback was scheduled on any trial. Therefore, the selection of either comparison cleared the screen and resulted in the presentation of the trial-ending stimulus, ------, which remained there until the subject pressed the E key. Pressing the E key terminated the ------stimulus and resulted in the presentation of the prompt, "Press space bar to continue."
Content of the matching-to-sample test trials. The matching-tosample test consisted of a block of trials that included the CO baseline relations, and all of the 3-and 4-member symmetry, transitivity, and equivalence probes that could be derived from the two previously established 4-member classes. Each type of relation was assessed with the presentation of trials containing stimuli that are represented symbolically in Table 3 . The trials listed in Table 3 were presented in a Preas ENTER Figure 4 . The serial removal of prompts and labels during the first 12 trials presented during the delayed matching-to-sample test. These trials were structured to teach the responses that are required to successfully complete a trial in the matching-to-sample procedure. Each box indicates a screen display. The boxes on a given row indicate the series of screen displays presented within a trial from onset (on left) to termination (on right). random order without replacement within a block. The block was repeated until class-consistent responding was occasioned by at least 97% of the trials in the block. If the block was presented more than once, the trials within the block were presented in a different random order.
<-----------------
Preliminary training of within-trial matching-to-sample responses.
Because matching-to-sample trials had never been presented to these subjects, the first 12 trials in the first test block contained labels and instructional prompts to teach the appropriate keyboard responses to each stimulus that was presented on a trial. The labels and prompts were deleted serially over these trials in an order that was similar to that described by Fields, Adams, Verhave, and Newman (1990) and Fields, Landon-Jimenez, Buffington, and Adams ( 1995) . The actual order of serial deletion is indicated in Figure 4 . The frames presented in each row, when viewed from left to right, illustrate the stimulus changes that occurred within a trial. The order in which the labels and prompts were eliminated is indicated by the successive rows. By the thirteenth trial, all of the labels and all but one prompt had been deleted. The remaining prompt signaled the start of a trial and was presented on all trials. No feedback was given during these trials for the selection of either comparison.
Results
Equivalence class formation under the stimulus-pairing/yes-no procedure.
The results of the present experiment provide the first demonstration of equivalence class formation using a procedure other than matching to sample. Of the 18 subjects, 10 formed 4-member equivalence classes when the stimulus-pairing/yes-no procedure was used for training and testing. Figure 5 shows the number of blocks needed to learn each baseline relation and to pass each emergent relations test. The data are averaged for the 10 subjects because there was little intersubject variation. Data for each condition are presented as bars with the top and bottom of the I-beam in each bar indicating plus and minus one standard deviation.
The baseline relations, AB, BC, and CD, were learned in two to eight blocks when informative feedback was provided on all trials in a block. Class-consistent responding was maintained as the relative frequency of reinforcement was reduced to zero. On average, the BA and CB symmetry tests, the AC transitivity tests, the CA equivalence tests, and the probes included in the 3MIX test were passed in relatively few blocks indicating the rapid emergence of two 3-member classes.
After the formation of the 3-member classes, CD was trained and was followed by the presentation of the 4MIX test. This test included all previously presented emergent relations as well as the new symmetry probes (DC), the 1-node (BD) and 2-node (AD) tranSitivity probes, and the 1-node (DB) and 2-node (DA) equivalence probes. Most of the probes occasioned class-consistent responding in the first or second test block, thereby demonstrating the rapid expansion of class size from three to four members. Table 4 quantifies the process of class formation for each of the 10 subjects who formed classes by listing the percentage of classconsistent responding in each block. There were seven different types of emergent relations tests presented in the experiment: SA, CS, the combined SA and CS test, AC, CA, 3MIX, and 4MIX. Taken as a group, the 10 subjects were presented with a total of 70 different emergent relations tests. Of the 70 different emergent relations tests, 43 occasioned 100% class-consistent responding on the first presentation of a test block, 21 were passed on the second presentation of a test block, and the remaining 6 tests were passed in three to six blocks. Thus, most emergent relations tests were passed quite rapidly. When more than one test block was required to pass an emergent relations test, the baseline trials and the emergent relations probes evoked very high levels of class-consistent responding throughout testing.
When expansion of class size was assessed, 6 of the 10 subjects required two blocks to meet criterion. The performances on the initial blocks were at least 95% class consistent. When more than one block was needed to demonstrate the expansion of class size, both the baseline trials and the emergent relations probes evoked high levels of class-consistent responding throughout testing.
Matching-to-sample tests. All subjects who formed classes under the stimulus-pairing/yes-no procedure responded in a class-consistent manner during the emergent relations probes and the baseline review trials presented under the matching-to-sample format. Thus, classes remained intact across testing formats. The last column of Table 4 indicates the percentage of trials in a block that occasioned the selection of the comparison from the same class as the sample. All 10 subjects Note. Data are included for the 10 subjects who formed classes, each of whom is identified in the first column. The column headers "75," "25," and "0" indicate the percentage feedback for the relation to the immediate left of the "75" header. The data in the right-hand column were obtained in the matching-to-sample test.
responded at or near criterion on all test blocks. Of the 6 subjects who did not reach the mastery criterion on the first block, 4 reached criterion by the second block and the remaining 2 subjects did so on the third block. These percentages are based on the 76 trials in the 4MIX test block which contained 4 review trials for the previously trained CD relations and 72 emergent relations trials. Therefore, the overall percentages are reflective of emergent relations performances.
Failures of equivalence class formation. The 8 subjects who failed to form 3-member classes all learned the AB and BC relations during training. Failures occurred during the emergent relations test blocks. Table 5 illustrates the responding occasioned by the between-and within-set trials presented in the test blocks used to assess the emergence of the 3-member classes. The AB and BC baseline trials in the test blocks yielded 18 sets for analysis. The baseline trials occasioned 100% class-consistent responding which showed maintenance of control in three sets (labeled C), 81 to 98% class-consistent responding indicating partial disruption of stimulus control in 12 sets (labeled H), and 62-80% class-consistent responding indicating low levels of conditional stimulus control in three sets (labeled L).
When performances occasioned by the emergent relations probes are considered, low levels of conditional stimulus control were observed in the presence of two sets of symmetry probes (labeled L for Subjects 849 and 858), one combined symmetry (labeled L for Subject 859), and two transitivity probe sets (labeled L for Subject 859). Emission of the NO response regardless of stimulus content was the most frequent error pattern (labeled N). This occurred in the presence of one symmetry one combined symmetry, and seven transitivity probe sets.
The transitivity probes occasioned the most errors. In two cases, the within-and between-set transitivity probes evoked differential levels of responding indicating low levels of conditional discriminative control. In seven cases, the NO response was evoked regardless of trial content. In two other cases, one response occurred in the presence of the A 1 sample and the other response occurred in the presence of the A2 sample, indicating control by sample stimuli alone.
Discussion
Equivalence class formation under the stimulus-pairing/yes-no procedure. Using a stimulus-pairing/yes-no procedure, six within-set and six between-set conditional relations were directly trained. Interspersed among the relations that were trained, subjects were presented with a variety of within-and between-set emergent relations probes. The occurrence of YES responses to all of the within-set emergent relations probes and NO responses to all of the between-set probes demonstrated the immediate emergence of two 4-member classes. The YES responses occasioned by the within-set probes demonstrated the interchangeabilty of the stimuli in each stimulus set (Sidman, 1994; Spradlin & Saunders, 1986) . The test performances also documented the properties of symmetry, transitivity, and the combined effects of symmetry and transitivity among the stimuli within each stimulus set. The NO responses occasioned by the between-set probes demonstrated a discrimination of stimuli from different sets (Dinsmoor, 1995a (Dinsmoor, , 1995b Fields et aI., 1995; Mackay, 1991; Sidman, 1992 ). The emergent performances, then, provided the first demonstration of the immediate emergence of equivalence classes which used a training and testing procedure that differed in format and contingencies from those defined by a matching-to-sample procedure.
The results of the current experiment expand incrementally the methods that can be used to establish the baseline relations that are the prerequisites to equivalence classes; in addition to matching to sample, the baselines can be established with a respondent-type sensory preconditioning procedure (Leader et aI., 1996) , or a stimuluspairing/yes-no procedure. The current experiment, along with the results of the Leader et al. (1996) study, then, show that the use of a matchingto-sample procedure is not necessary to train the relations that are the prerequisites of an equivalence class.
In all prior experiments, the probes used to assess symmetry, transitivity, and their combined effects, and, thus, the emergence of equivalence classes, were presented in the matching-to-sample format. The results of the current experiment showed that the emergence of equivalence classes can also be measured with probes presented in a stimulus-pairing/yes-no format. Thus, the results of this experiment double the methods that can be used to assess equivalence class formation. These findings make the phenomenon of equivalence class formation less dependent on the use of specific procedures for their establishment or for their definition (Sidman, 1994) .
In the present study, equivalence classes were formed when no two stimuli were ever presented concurrently in training and in testing. The only other demonstration was provided by Dube et al. (1993) . The classes established in the present study consisted of visual stimuli and were formed using a stimulus-pairing/yes-no procedure for training and testing; the classes established by Dube et al. (1993) consisted of auditory stimuli alone and were formed using a successive delayed matching-to-sample procedure for training and testing. Because different stimuli and different procedures were used, the results of both experiments demonstrate the generality of equivalence class formation in which there is no temporal overlap among the stimuli that come to function as class members.
The techniques described in these experiments have potentially important implications for studying the neural substrate of equivalence class formation which might be measured using ERP (Polich,1993) or fMRI (Cohen, Noll, & Schneider,1993) imaging technologies. Such measurements are facilitated by the presentation of temporally isolated stimuli. For the same reason, studying the interactions of equivalence classes and priming (Balota & Lorch,1986; McNamara & Altarriba,1988; McNamara & Healy, 1988) would be facilitated by the procedures described herein.
Substitutability. An essential property of an equivalence class is that it functions as a transfer network for new responses and stimulus functions (Barnes, Browne, Smeets, & Roche, 1995; Barnes & Keenan, 1993; de Rose, Mcllvane, Dube, Galpin, & Stoddard, 1988; Dougher, Augustson, Markham, Greenway, & Wulfert, 1994; Fields et aI., 1993; Fields et aI., 1990; Hayes, Kohlenberg, & Hayes, 1991; Sidman, 1994) . Fields et al. (1990) and noted that the expansion of class size can be viewed as a transfer test because a stimulus linked by training to one member of a class occasioned the selection of the other class members. Indeed, many experiments have demonstrated such an effect for classes established with the matching-to-sample procedure. In the present experiment, after forming two 3-member classes, CD relations were trained and emergent relations probes that contained the D stimuli in combination always led to the selection of the A and B stimuli that were members of the previously trained ABC classes. The performances during the tests for expansion of class size, then, demonstrated the interchangeability of previously established members of the equivalence classes. Thus, the classes formed under the stimuluspairing/yes-no procedure functioned in the same manner as equivalence classes established using matching-to-sample procedures.
Transfer to the matching-to-sample format. After establishing classes using the stimulus-pairing/yes-no procedure, the maintenance of classconsistent responding was demonstrated when class members were presented in the typical matching-to-sample format. These performances confirmed that the classes established and expanded in size using a stimulus-pairing/yes-no procedure continued to function as such when presented in the format that is traditionally used to demonstrate equivalence class formation.
To summarize, the test performances that showed the substitutability of class members and transfer of function across testing formats support the view that stimulus classes formed with the stimulus-pairing/yes-no procedure have the same behavioral properties as equivalence classes formed using matching to sample procedures. Equivalence classes were thus established using the stimulus-pairing/yes-no procedure.
Failure of equivalence class formation. Of the 18 subjects, 8 did not form classes in this experiment. One source of failure was disruption of conditional discriminative control by the baseline relations included in the emergent relations test blocks. The likelihood of equivalence class formation using the stimulus-pairing/yes-no format, then, could probably be increased by the introduction of variables that would maintain baseline performances during emergent relations tests and not promote discriminations between the trained relations and the probes.
Another frequent source of failure involved selecting the NO response on most of the symmetry or transitivity probes trials in a test block. Although the NO response was "appropriate" on the between-set probes, it was not appropriate on the within-set probes. The occurrence of the NO response on all or most of the within-set probes, however, makes sense if viewed as a report of the novelty of the within-class stimulus configurations. Because the stimuli in the transitivity probes had not been previously seen together and the stimuli in the symmetry probes had not been presented in the same order, the NO response could be viewed as being appropriate. This interpretation received partial support from verbal reports of two subjects during informal postexperimental interviews. Thus, the identification of variables that suppress such alternative sources of control during probe trials should increase the likelihood of equivalence class formation (Sidman, 1994; Wulfert, Dougher, & Greenway, 1991) using the stimuluspairing/yes-no procedure.
Potential effects of language-based parameters. In the present experiment, verbally sophisticated subjects were presented with three language-based cues. (a) The instructions directed the subject to identity whether the words "GO TOGETHER." (b) The Keyboard Familiarization procedure involved the presentation of semantically related stimuli to prompt the occurrence of correct within-trial keyboard responses. (c) The words YES and NO were the discriminanda that identified the response keys. It is possible that these cues occasioned language-based repertoires that might have influenced the outcome of the current experiment. Saunders, Saunders, Williams, and Spradlin (1993) found that the addition of instructions enhanced likelihood of class formation by individuals with moderate levels of mental retardation. In contrast, Spencer and Chase (1996) found that likelihood of equivalence class formation by college students was not influenced by variation in instructions. Thus, the extent to which the language-based cues influenced likelihood of class formation in the current experiment is not clear. Additional research is needed to determine the effect of languagebased variables on equivalence class formation under the stimuluspairing/yes-no protocol.
Equivalence class formation in natural settings. In natural settings, an individual will, of necessity, be exposed to a variety of contingencies. To what extent will equivalence classes emerge under such a diversity of conditions? Prior laboratory demonstrations of equivalence class formation used matching-to-sample contingencies in a variety of guises. To date, laboratory experiments have provide limited support for the view that equivalence classes can emerge with exposure to the variety of contingencies that would be experienced in natural settings. The present experiment demonstrated the emergence of equivalence classes using a procedure other than matching to sample. These results, then, bolster the view that equivalence classes can emerge in a natural setting through contact with a variety of training and testing contingencies (Commons & Rodriguez, 1993; Dougher et aI., 1994; Watt et aI., 1991) .
